Aim Interest in functional bowel disorders (FBDs) and faecal incontinence (FI) has increased amongst coloproctologists. The study aimed to assess the prevalence of FBDs and FI (including its severity) among Australian primary healthcare seekers using objective criteria.
Introduction
Interest in the management of pelvic floor and functional gastrointestinal disorders (FGIDs) has increased dramatically amongst colorectal surgeons in the last decade, reflecting the expanding spectrum of non-surgical [1] and surgical therapeutic options [2, 3] . Indeed, the management of these patients now forms an important part of the work of the coloproctologist and is no longer confined to a few specialist centres. FGIDs represent various combinations of chronic or recurrent gastrointestinal symptoms that are not attributable to gross structural or biochemical abnormalities [4] [5] [6] and thus, in the absence of objective biomarkers, their diagnosis has relied heavily on the development of symptom-based criteria. The most widely accepted are the Rome criteria, which have provided a structured and comprehensive classification system of FGIDs [4, 7] . Despite the limitations of a purely symptom-based taxonomy [8] , the Rome criteria are now published in their third version [9] and are widely employed to provide consistency in the classification of subjects in the research setting. Further, such a taxonomy is advantageous from a clinical perspective, since a diagnosis is reached without the need for invasive investigation [7] .
From the perspective of the colorectal surgeon, FGIDs attributed to dysfunction of the lower gastrointestinal tract include the functional bowel disorders (FBDs) [including irritable bowel syndrome (IBS), functional constipation, functional bloating and functional diarrhoea] and faecal incontinence (FI). IBS is characterized by abdominal pain or discomfort associated with change in bowel frequency and/or consistency [10] and is the most commonly diagnosed functional disorder [11] [12] [13] , accounting for up to 36% of all visits to gastroenterologists [14, 15] . Functional constipation is defined as persistently difficult, infrequent or seemingly incomplete defaecation [10] , and was found to affect up to 27% of North Americans in a recent systematic review [16] . Functional bloating, defined as a recurrent sensation of abdominal distension, appears to affect between 16% and 30% of the population [17] , whilst functional diarrhoea, characterized by chronic loose/watery stools, had a prevalence of 8.5% in a recent population-based Canadian study [18] . The prevalence of FI, defined as the recurring uncontrolled passage of faecal material [19] , is more difficult to measure given the reluctance of sufferers to report this symptom on account of the associated social embarrassment and stigma [20] , but recent studies suggest that FI may affect up to 17% of the community [21, 22] .
These estimates of prevalence suggest that FGIDs are common with perhaps as many as two-thirds of the population experiencing at least one functional gastrointestinal symptom [5] , but previous studies have used inconsistent criteria for the definition and diagnosis or have focused on individual bowel disorders in isolation. Further, all existing studies have been performed in community-based populations and such measures may not reflect the prevalence in the health-seeking population that can access colorectal services. By contrast, clinic-based surveys offer unique information about healthcare seekers [4] , potentially assisting with colorectal service planning/provision, but no such studies exist in the published literature. Therefore, the aim of the present study was to measure the prevalence of FBDs and FI (and its severity) among Australians attending primary healthcare providers using the latest Rome III criteria and an objective FI scoring system, respectively.
Method Study population
A cross-sectional survey was conducted amongst individuals attending four general practices (primary care providers) in Greater Western Sydney, Australia, between July 2011 and August 2011. The general practices were randomly selected from a prospectively maintained list of practices actively engaged in medical education and/or research. All practices were doctorowned bulk-billing practices, each with over five general practitioners. Universal access to primary healthcare is available in Australia whereby patients receive free or subsidized treatment (> 85%) by doctors in general practice [23] . Individuals aged 18 years or older were invited to participate on a consecutive basis as they entered into the practice waiting rooms, irrespective of their reason for attendance. Participants were advised that the study pertained to their health, but the specific topic of the study was only revealed if asked by the participant. After providing informed consent for study participation, they each completed a self-administered questionnaire.
Self-administered questionnaire
The self-administered questionnaire included Rome III diagnostic criteria for FBDs (IBS, functional constipation, functional bloating and functional diarrhoea) [10] , as well as details relating to the presence and severity of symptoms of FI based on the validated modified Cleveland Clinic (Vaizey) incontinence scoring system [24] . Specifically, IBS was diagnosed if recurrent abdominal pain or discomfort was experienced at least 3 days per month in the last 3 months, with overall symptom duration for at least 6 months, associated with two or more of the following: (i) improvement of abdominal pain with defaecation; (ii) onset of symptoms associated with a change in frequency of stool; (iii) onset of symptoms associated with a change in form or appearance of stool [10] . Further, based on predominant stool pattern without the use of anti-diarrhoeals or laxatives, participants diagnosed with IBS were sub-classified as IBS with constipation (IBS-C), IBS with diarrhoea (IBS-D), mixed type IBS (IBS-M) and un-subtyped IBS (IBS-U).
Functional constipation was diagnosed in participants who did not meet the criteria for IBS but for the last 3 months (with symptom onset at least 6 months previously) had had two or more of the following: (i) straining during at least 25% of defaecations; (ii) lumpy or hard stools in at least 25% of defaecations; (iii) sensation of incomplete evacuation for at least 25% of defaeca-tions; (iv) sensation of anorectal obstruction or blockage for at least 25% of defaecations; (v) manual manoeuvres to facilitate at least 25% of defaecations (e.g. digital evacuation, support of the pelvic floor); or (vi) fewer than three defaecations per week [10] . Functional bloating was diagnosed when there was a recurrent feeling of bloating or visible distension present for at least 3 days of the month during the last 3 months with insufficient criteria to reach a diagnosis of IBS [10] , while functional diarrhoea was diagnosed when there were loose or watery stools without pain occurring in at least 75% of stools during the last 3 months [10] .
Faecal incontinence was defined as leakage of solid or liquid stool (not flatus) at least once per month. When this criterion was met, the severity of the incontinence was assessed using the modified Cleveland Clinic (Vaizey) incontinence score [24] . Participants were required to report frequency of incontinence to solid and liquid stools, as well as flatus, as 'never', 'rarely', 'sometimes', 'weekly' or 'daily'. Other items assessed included (i) alteration in lifestyle, (ii) need to wear a pad or plug, (iii) need to take constipating medications and (iv) inability to defer defaecation for at least 15 min. A maximum score of 24 indicated total incontinence, whilst a score of 0 implied perfect continence. Subsequently, participants with FI were further classified on the basis of their incontinence score into those with mild (score 1-8), moderate (score 9-16) or severe (score 17-24) symptoms. Presence of coexisting urinary symptoms, particularly urinary incontinence, was also documented.
The questionnaire also recorded details relating to (a) participant demographics, including ethnicity, marital status, employment status, level of education attained, and smoking and alcohol consumption, and (b) past history, including (i) previous medical diagnoses of IBS, diabetes, mental health issues (self-reported as anxiety, depression and/or panic attacks), (ii) previous surgical procedures and (iii) for women, previous obstetric and/or gynaecological history, including details of parity, mode of delivery and presence of perineal trauma (e.g. episiotomy, vaginal tear or instrumental delivery).
Statistical analyses
Survey data were analysed using frequency tabulations and contingency table analyses. Where appropriate, participant characteristics were dichotomized. Association between various demographic characteristics/past histories and IBS, constipation and FI were also assessed and presented as crude odds ratios (OR) with 95% confidence intervals (95% CI). All analyses were conducted using SAS v9.2 (SAS Institute, Cary, North Carolina, USA) and P values < 0.05 were considered statistically significant. This study was approved by the University of Western Sydney Human Research Ethics Committee (approval number H9067).
Results

Response rate
Of the 596 individuals approached to complete the survey, 396 (66.4%) agreed to participate. The reasons for not doing so included time constraints (42.5%) and lack of interest (22.5%), with language barriers encountered in only 5% of participants.
Sample characteristics
Demographic characteristics and pertinent factors in the medical history are presented in Table 1 . The mean age of the sample was 47 AE 17 years, and 65% were women. The majority of respondents were Caucasian (66.3%). Most participants were married (66.3%) and employed (65.2%) and approximately half (51.9%) had completed tertiary education (either at university or vocational trade).
Prevalent medical conditions reported included depression (14.4%), anxiety (13.3%) and diabetes mellitus (11.8%). A significant proportion of participants had undergone previous abdominal operations and procedures, including appendicectomy (12.1%) and cholecystectomy (5.8%). Only 3.5% of participants reported having had a previous colonoscopy, while approximately 7% of participants reported previous anal surgery, the most common being haemorrhoidal surgery. Over 70% of female participants interviewed were parous, with most reporting previous vaginal delivery and approximately half experiencing significant perineal trauma secondary to episiotomy or perineal tear(s) (see Table 1 ).
Prevalence of FBD and FI and their associations
The prevalence of FBD and FI are shown in Table 2 . Overall, 33% (95% CI 28-38) of all participants interviewed had either FBD and/or FI. Notably, 11% (95% CI 8-15) had IBS, 8% (95% CI 6-11) had functional constipation and 12% (95% CI 9-16) had FI.
Irritable bowel syndrome
Of the sample studied, 44 (11.1%) participants fulfilled Rome III criteria for IBS, with approximately equal proportions of IBS-C (2.8%), IBS-D (3.0%) and IBS-M (4.5%); only 1.5% of participants were classified as having IBS-U (Table 2) . Of the participants who met these diagnostic criteria, 70% (31/44) had never previously been formally diagnosed with IBS. Conversely, over half (15/28) of participants who had been given a previous 'diagnosis' of IBS failed to satisfy the objective Rome III criteria.
Irritable bowel syndrome was diagnosed twice as frequently in Caucasian participants compared with *Numbers for these variables do not add to n = 396 because some participants declined to respond to certain questions. †Had at least one delivery that was either caesarean section or tear/episiotomy. (Table 3) .
Functional constipation
Rome III criteria for functional constipation were met in 32 (8.1%) participants (Table 2 ) of whom only one reported regular laxative consumption. No significant associations were identified between constipation and age, ethnicity or employment status (Table 3) . Increased rates of diabetes, appendicectomy and cholecystectomy were also found amongst constipated participants, but these did not reach statistical significance.
Functional bloating
Functional bloating was diagnosed in 24 (6.1%) participants (Table 2) . Whilst most cases were diagnosed in women and those younger than 60 years, associations with gender and age did not reach statistical significance. No other demographic associations were observed. Functional bloating did not appear to influence rates of colonoscopy, appendicectomy or cholecystectomy.
Functional diarrhoea
Criteria for functional diarrhoea were met in six (1.5%) participants ( (Table 2) . A significant proportion of patients experienced concomitant symptoms of IBS and FI. Specifically, one-third (n = 13) of patients with IBS had FI; put differently, IBS patients were almost four times more likely to report FI (OR 3.80, 95% CI 1.82-7.93). Previous anal surgery (for anal fissure, anal fistulae or haemorrhoids etc.) increased the risk of FI almost fourfold (OR 3.80, 95% CI 1.55-9.33) ( Table 3) . Additionally, participants with FI were over four times more likely to have undergone a previous colonoscopy (OR 4.38, 95% CI 1.40-13.67), over twice as likely to have had a previous appendicectomy (OR 2.21, 95% CI 1.02-4.80) and almost three times more likely to have had a previous cholecystectomy (OR 2.96, 95% CI 1.10-7.99). However, FI was not significantly associated with age, gender or ethnicity. Previous obstetric trauma did not appear to be a significant factor for FI (see Table 3 ).
Overall, urinary incontinence was reported by onequarter of participants, almost all of whom were women (OR 5.01, 95% CI 2.62-9.59) and Caucasian (OR 1.85, 95% CI 1.10-3.14). Notably, participants who were incontinent to urine were over three times more likely to report FI (OR 3.24, 95% CI 1.73-6.08) (see Table 3 ).
Discussion
This study used explicit and contemporary standardized criteria and scoring systems to assess the prevalence of FBDs and FI (and its severity) and confirmed that they are common, being present in 33% of Australian primary healthcare seekers. Specifically, the Rome III criteria for IBS were met in 11%, most commonly in Caucasians, with participants being more likely to report anxiety and/or depression and have had a previous colonoscopy or cholecystectomy. Functional constipation was present in 8%, with only 3% of patients using laxative medication. FI was present in 12% of participants (5% to solid stool and 7% to liquid stool) with the majority (52%) reporting moderate/severe incontinence. FI was associated with previous anal and abdominal surgery and concomitant urinary incontinence.
The comparison of prevalence between this and other published studies is hampered by varying diagnostic criteria and study methodologies employed. For example, the published prevalence rates of IBS range from 0.8% to 28% [4] . Only one previous study has assessed community prevalence of IBS in a Western population using Rome III criteria, reporting a prevalence of 16% [25] . The prevalence of IBS in the present study (11%) was comparable to that reported in a recent community-based Australian study, which used Rome II criteria and diagnosed IBS in 8.9% of subjects [26] . The only previous study focusing on primary healthcare seekers was conducted over a decade ago and used Manning criteria and diagnosed IBS in almost one-third of subjects [27] .
The association between IBS and Caucasian ethnicity demonstrated in the present study has been previously documented [28] , although a reason for this racial preponderance remains poorly understood. Female gender and individuals with tertiary education or employment status have previously been shown to be associated with IBS [13] , although we found no relationship amongst these factors in the present study. The observed significant association between mental health issues (e.g. depression and anxiety) and IBS has also been well documented [29] , although the issue of cause, effect or epiphenomenon remains unresolved and cannot be answered by the present study.
Our study reveals that individuals with IBS were over nine times more likely to have had a previous colonoscopy and over three times more likely to have had a previous cholecystectomy, in keeping with findings from previous studies [30] [31] [32] . The association with colonoscopy, in pursuit of an organic basis for symptoms, is perhaps unsurprising. Many investigations are often performed in such subjects with the hope of increasing the certainty associated with the diagnosis of IBS, but for the majority of cases these investigations add little to the overall diagnostic schema [31] . Indeed, the use of symptom-based taxonomies, such as the Rome III criteria, for population-and clinic-based studies is justified by the validity and reliability of the objective measures to diagnose FGIDs based on symptoms alone, without the need for formal investigations [33] .
The prevalence of functional constipation has also varied significantly in published studies. For example, a recent systematic review of constipation prevalence in North America reported rates ranging from 1.9% to 27.2%, although the majority of included studies reported rates from 12% to 19% [16] . Previous Australian estimates of the prevalence of constipation have varied from 2.8% [26] to 30.7% [34] . The prevalence of 8% reported in the present study falls within this wide range from population-based studies although, to the best of our knowledge, it is the first study to specifically assess its prevalence among primary healthcare seekers.
The prevalence of FI in the literature ranges from 2% in the adult population [35] to 15% in more elderly populations [21, 36] . However, rates are much higher in specific groups, with 50% of nursing home residents [37] and patients with multiple sclerosis [38] and 20% of patients with diabetes mellitus [39] reporting FI. Accordingly, the prevalence estimates of FI are influenced by the demographics and characteristics of the population studied. Further, it may be influenced by variation in the definition used for diagnosis and symptom severity assessment. The prevalence of FI measured in this study is remarkably similar to that of a previous Australian population-based community study, which reported a prevalence of 11.2% [40] . The same study reported solid and liquid stool incontinence in 2% and 9% of subjects, respectively, compared with rates of 5% and 7% observed in the present study.
Participants with FI were four times more likely to have had previous anal surgery. Although the timing of surgery in relation to the development of symptoms was not formally explored, anal surgery has been previously recognized as the most important aetiological factor for the development of FI in men [41] due to the injurious effects on anal sphincter function [42] . Interestingly, the present study did not find an association between obstetric trauma and FI, despite the relationship being previously documented [20] and presumed secondary to direct sphincter damage and/or pudendal neuropathy [43] . Of interest, our findings of a non-association between obstetric trauma and FI is in agreement with recent large population-based studies, which instead identified other factors such as age and diarrhoea to be much more relevant in predisposing a subject to FI [44] .
Additionally, participants with FI were four and three times more likely to have had a previous colonoscopy and cholecystectomy, respectively. The association with colonoscopy may be related to increased rates of luminal imaging performed in these participants to exclude an organic basis for FI (e.g. inflammatory bowel disease or partially obstructing neoplastic lesions). The association between FI and previous cholecystectomy has only been reported in one previous study [44] with no firm explanation provided. Theoretically, alterations in bile salt metabolism may alter stool consistency sufficiently to challenge the sphincter complex and explain the higher rates of FI in post-cholecystectomy subjects. The association between FI and previous appendicectomy demonstrated in the present study has never been previously documented and remains unexplained. Finally, the relationship between urinary incontinence and FI is consistent with previous studies [42, 45] and may reflect pelvic floor dysfunction and/or abnormalities of sensorimotor nerve function given that common afferent/ efferent nerves from the sacral spinal cord innervate these viscera and their sphincters, and may conceivably be subject to disruption from a common underlying aetiology [46] [47] [48] .
Our finding that over one in 10 primary healthcare seekers report FI is of great clinical relevance to primary and secondary care providers alike. This is all the more pertinent given the increasing array of non-surgical and surgical treatment options currently in the colorectal surgeon's armamentarium to manage FI. In recent years, well-designed and executed randomized, controlled trials [1] have confirmed the clinical effectiveness of non-surgical interventions, such as optimization of anti-diarrhoeal agents, physical supports such as anal plugs, and biofeedback therapy. Surgical interventions include direct sphincter repair, perianal injection of biomaterials and more complex procedures (reserved for highly selective cases) such as dynamic graciloplasty and insertion of an artificial bowel sphincter [49] . Over the past decade, much interest has surrounded the use of sacral neuromodulation for the treatment of FI, a procedure widely accepted to carry minimal morbidity but with medium-term efficacy rates measured to be as high as 81% in a recent systematic review [2] .
Further to establishing that FBDs and FI are relatively prevalent in the community, our findings highlight that IBS and constipation remain under-reported by patients and/or under-diagnosed (and thus probably under-treated) by medical practitioners. This is demonstrated by only one-third of participants meeting the Rome III criteria for IBS having previously been diagnosed with the condition, and that only 3% of participants who met the Rome III criteria for functional constipation were taking regular laxatives. In addition, there are continued challenges in relation to the 'accurate diagnosis' of FBDs, since over 50% of participants reporting a previous diagnosis of IBS did not actually meet the objective Rome III criteria at the time of evaluation in this cross-sectional study.
The association with previous abdominal and pelvic surgery in patients with IBS also warrants discussion. Previously, it has been reported that excessive medical treatment, particularly surgery, has been rendered to sufferers and accounts for the economic burden of IBS estimated at USD$1.6-10 billion in direct costs and USD$19.2 billion in indirect costs [14, 50] . It is possible that operative management was (erroneously) performed in some patients with recurrent abdominal pain in the belief that there was an organic basis for the development of recurrent or chronic symptoms (e.g. gallstones or clinical symptoms suggestive of a diagnosis of appendicitis). Unfortunately, the histopathology of resected specimens was not readily available for scrutiny to determine whether organic pathology was identified in these patients. Conversely, the counter-argument is that such surgery may promote the genesis of functional disorders such as IBS [32] . Given the non-experimental cross-sectional design of the study, we cannot definitively establish the time order of effects and direction of causation.
The study was limited by the convenience sampling of medical practices in which these surveys were conducted, as practices were selected primarily from general practitioners willing to participate in the study rather than at random. Furthermore, surveys of individuals attending primary care may be subject to selection bias as the study population may represent motivated healthcare seekers and/or the 'worried-well' in varying proportions which may explain the greater proportion of women, senior citizens and overseas migrants included in our sample compared with the New South Wales adult population [51] . Additionally, for reasons of patient privacy, the individual reason(s) for seeking primary care was not ascertained, and it remains unknown what proportion of participants presented because of gastrointestinal symptoms. Finally, additional red-flag symptoms, potentially reflecting underlying organic pathology, were not sought in the study and thus it is possible that the symptoms recorded reflected organic pathology rather than functional disorders in a proportion. However, previous studies have shown that endoscopic and radiological investigations identify organic gastrointestinal lesions in less than 1% of patients who meet symptom-based criteria for IBS [4, 52, 53] . Despite these potential limitations, the universal access of primary healthcare in Australia, consecutive recruitment of participants, response rate (66%) and comparability of our prevalence of FBDs to other community and population-based studies increase the generalizability and robustness of our findings. The use of validated questions derived from the Rome III criteria for FBDs and Vaizey incontinence score for FI also allowed objective assessment of symptoms and meaningful comparisons with other studies that have used similar criteria.
In conclusion, this study highlights that FBDs and FI are prevalent in primary healthcare seekers, affecting up to one-third of patients. Given that the population is motivated to seek medical attention, it is probable that sufferers will wish to seek specialist attention should their symptoms deteriorate with time to become sufficiently severe. Further, it is possible that many more could be referred for expert multidisciplinary education and management if primary care providers actively enquired about symptoms and/or were made aware of the specialist services provided by colorectal surgeons.
The study has also demonstrated that these disorders are commonly under-diagnosed or incorrectly diagnosed and inadequately treated in up to two-thirds of patients. These findings, and the frequency of complex associations with other symptoms/conditions, further emphasize the need for detailed and accurate assessment of such patients, preferably by expert coloproctologists, to guide appropriate treatment and identify the small subgroup that requires surgical intervention.
